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(54) Processing method and system 

(57) A processing method uses a processing sys- 
tem which includes an atmosphere replacing chamber 
having first and second gate valves (3,4), and a cham- 
ber (1) that has an inside maintained in a reduced pres- 
sure or vacuum atmosphere and provides a predeter- 
mined process to an object, wherein the atmosphere re- 
placing chamber (2) is connected to the chamber (1) 
through the first gate valve (3) and a space different from 


the chamber (1) through the second gate valve (4). The 
processing method includes the steps of exhausting the 
atmosphere replacing chamber (2) while introducing 
first gas below predetermined humidity to the atmos- 
phere replacing chamber (2), and vacuum-pumping the 
atmosphere replacing chamber (2) after said exhausting 
step, by reducing an amount of the first gas to be intro- 
duced into the atmosphere replacing chamber (2). 
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Description 

[0001] The present invention relates generally to a 
processing metliod for use with a semiconductor expo- 
sure apparatus and the like, and more particularly to en- 
vironmental control over a load lock chamber that re- 
places an atmosphere between the air and a reduced 
pressure or vacuum atmosphere. 
[0002] The developed exposure technology using 
synchrotron radiations has recently been sought for fin- 
er processing in the semiconductor fabrication, but the 
synchrotron radiation has a problem of X-ray attenua- 
tions in the air. Accordingly, a conventional processing 
system as one solution for this problem houses principal 
part of an exposure apparatus in a helium purged proc- 
ess chamber that reduces X-ray attenuations. 
[0003] This processing system typically includes a 
load lock chamber that delivers a wafer between a port 
as a supply part and the process chamber, and ex- 
changes its atmosphere between the air and the re- 
duced pressure or vacuum atmosphere. The load lock 
chamber includes gate valves between the load lock 
chamber the port and between the load lock chamber 
and the process chamber. The gate valve between the 
load lock chamber and the process chamber closes 
when the wafer is delivered between the port and the 
load lock chamber, and the load lock chamber is main- 
tained at an the ambient pressure. The gate valve be- 
tween the load lock chamber and the port closes when 
the wafer is delivered between the process chamber 
and the load lock chamber, and the load lock chamber 
is maintained at the reduced pressure or vacuum atmos- 
phere. 

[0004] Every wafer is subject to an atmosphere con- 
version from the air to helium in the load lock chamber, 
and then delivered to and exposed in the process cham- 
ber. It is returned to the load lock chamber after expo- 
sure, subject to an atmosphere conversion from helium 
to the air in the load lock chamber before taken out. 
[0005] Before the atmosphere of the load lock cham- 
ber is replaced with helium, the load lock chamber 
should be vacuum-pumped once and then filled with he- 
lium at the same pressure as the process chamber to 
maintain the helium purity in the process chamber when 
the wafer is delivered to the process chamber. In return- 
ing the load lock chamber to the ambient pressure to 
take out the exposed wafer, the load lock chamber is 
vacuum-pumped and then filled with nitrogen or purify- 
ing air at the ambient pressure when helium is recov- 
ered, purified and recycled. 

[0006] Thus, while the load lock chamber is being vac- 
uum-pumped, an abrupt pressure drop results in adia- 
batic cooling, lowers the saturated moisture pressure, 
and forms dew when the load lock chamber is wet. For 
example, when the temperature of gas with the humidity 
of 50 % drops down to about 12 °C, the humidity be- 
comes 100 % and forms dew. There have been pro- 
posed some anti-condensation means for decontami- 


nating a wafer, such as a method for slowing down the 
vacuum-pumping speed, a method for introducing hot 
gas before vacuum pumping in order to compensate 
temperature that has dropped due to the adiabatic cool- 
5 ing (e.g. Japanese Patent publication No. 2000-40669), 
and a method for heating the inside of the load lock 
chamber. 

[0007] However, a slow vacuum-pumping speed of 
the load lock chamber would disadvantageous^ lower 

10 the throughput in the exposure apparatus. An introduc- 
tion of the hot gas and heating of the load lock chamber 
before vacuum pumping would transmit the undesirable 
heat to the temperature-controlled process chamber 
and harm its temperature stability, lowering the yield of 

15 the exposure apparatus. 

[0008] A processing method using a processing sys- 
tem which includes an atmosphere replacing chamber 
having first and second gate valves, and a container that 
has an inside maintained in a reduced pressure or vac- 

20 uum atmosphere and provides a predetermined proc- 
ess to an object, wherein the atmosphere replacing 
chamber is connected to the container through the first 
gate valve and a space different from the container 
through the second gate valve, the processing method 

25 that includes the steps of exhausting the atmosphere 
replacing chamber while introducing first gas below pre- 
determined humidity to the atmosphere replacing cham- 
ber, and vacuum-pumping the atmosphere replacing 
chamber after the exhausting step, by reducing an 

30 amount of the first gas to be introduced into the atmos- 
phere replacing chamber. 

[0009] The processing method may stop introducing 
the first gas in the vacuum pumping step. A processing 
method according to claim 1 , wherein the container con- 

35 tains second gas, and wherein the processing method 
further comprises the steps of introducing the second 
gas that has been dried below the predetermined hu- 
midity to the atmosphere replacing chamber until the at- 
mosphere replacing chamber has the same reduced 

40 pressure environment as the container, and opening the 
first gate valve. 

[0010] A processing method may further include the 
steps of introducing third gas below the predetermined 
humidity to the atmosphere replacing chamber until the 

45 atmosphere replacing chamber has ambient pressure, 
and opening the second gate valve. The first gas may 
be nitrogen or purified air. The second gas may be inert 
gas. The third gas may be nitrogen or purified air. The 
predetermined process may be exposure. The first gas 

50 may be the same as the second gas. A processing meth- 
od may further include the step of opening the first gate 
valve. A processing method may include the steps of 
judging whether humidity in the atmosphere replacing 
chamber is lower than preset humidity, and performing 

55 the vacuum-pumping step when the judging step deter- 
mines that the humidity is lower than the preset humidity. 
[0011] An exposure method of another aspect ac- 
cording to the present invention for exposing an object 
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in a container by using light from a light source and a 
processing method that uses a processing system 
which includes an atmosphere replacing chamber hav- 
ing first and second gate valves, and the container that 
has an inside maintained in a reduced pressure or vac- 
uum atmosphere, wherein the atmosphere replacing 
chamber Is connected to the container through the first 
gate valve and a space different from the container 
through the second gate valve, and wherein the 
processing method includes the steps of exhausting the 
atmosphere replacing chamber while Introducing first 
gas below predetermined humidity to the atmosphere 
replacing chamber, and vacuum-pumping the atmos- 
phere replacing chamber after the exhausting step, by 
reducing an amount of the first gas to be Introduced Into 
the atmosphere replacing chamber. The processing 
method may be stop Introducing the first gas In the vac- 
uum pumping step. 

[001 2] A device fabricating method of another aspect 
according to the present Invention Includes the steps of 
exposing an object in a container by a processing meth- 
od, and developing the exposed the object, wherein the 
processing method uses a processing system which in- 
cludes an atmosphere replacing chamber having first 
and second gate valves, and the container that has an 
inside maintained in a reduced pressure or vacuum at- 
mosphere, wherein the atmosphere replacing chamber 
Is connected to the container through the first gate valve 
and a space different from the container through the 
second gate valve, and wherein the processing method 
includes the steps of exhausting the atmosphere replac- 
ing chamber while Introducing first gas below predeter- 
mined humidity to the atmosphere replacing chamber, 
and vacuum-pumping the atmosphere replacing cham- 
ber after the exhausting step, by reducing an amount of 
the first gas to be introduced Into the atmosphere re- 
placing chamber. The processing method may stop in- 
troducing the first gas in the vacuum pumping step. 
[0013] An exposure apparatus of another aspect ac- 
cording to the present invention for exposing an object 
In a container by using light from a light source and a 
processing method, wherein processing method uses a 
processing system which includes an atmosphere re- 
placing chamber having first and second gate valves, 
and the container that has an inside maintained in a re- 
duced pressure or vacuum atmosphere, wherein the at- 
mosphere replacing chamber is connected to the con- 
tainer through the first gate valve and a space different 
from the container through the second gate valve, and 
wherein the processing method includes the steps of ex- 
hausting the atmosphere replacing chamber while intro- 
ducing first gas below predetermined humidity to the at- 
mosphere replacing chamber, and vacuum-pumping 
the atmosphere replacing chamber after the exhausting 
step, by reducing an amount of the first gas to be Intro- 
duced Into the atmosphere replacing chamber. The 
processing method may stop Introducing the first gas In 
the vacuum pumping step. 


[0014] A processing system of another aspect ac- 
cording to the present invention include a container that 
has an Inside maintained in a reduced pressure or vac- 
uum atmosphere and provides a predetermined proc- 
5 ess to an object, an atmosphere replacing chamber that 
has first and second gate valves, the atmosphere re- 
placing chamber Is connected to the container through 
the first gate valve and a space different from the con- 
tainer through the second gate valve, a first gas supply 
mechanism for supplying first gas below predetermined 
humidity to the atmosphere replacing chamber, a pump- 
ing mechanism for exhausting the atmosphere replac- 
ing chamber, and a controller for judging whether the 
humidity in the atmosphere replacing chamber is lower 
than the preset humidity when the pumping mechanism 
exhausts the atmosphere replacing chamber and the 
first gas supply mechanism supplies the first gas to the 
atmosphere replacing chamber, and for instructing the 
first gas supply mechanism to reduce the first gas sup- 
plied to the atmosphere replacing chamber by the first 
gas supply mechanism and the pumping mechanism to 
vacuum-pump the atmosphere replacing chamber 
when the humidity is lower than the preset humidity. 
[0015] The controller may stop introducing the first 
gas when the humidity Is lower than the preset humidity. 
The container may contain second gas, wherein the 
processing system further comprises a second gas sup- 
ply mechanism for supplying the second gas that has 
been dried below predetermined humidity to the atmos- 
phere replacing chamber, and wherein the controller in- 
structs, before opening the first gate valve, the second 
gas supply mechanism to introduce the second gas be- 
low the predetermined humidity to the atmosphere re- 
placing chamber until the atmosphere replacing cham- 
ber has the same reduced pressure environment as the 
container. 

[0016] A processing system of another aspect ac- 
cording to the present invention includes a container 
that contains first gas, is maintained at a reduced pres- 
sure environment, and providing a predetermined proc- 
ess to an object, an atmosphere replacing chamber that 
includes first and second gate valves, is connected to 
the container through the first gate valve and the air 
through the second gate valve, and collects the object 
from the container, a first pumping mechanism for 
pumping an atmosphere in the atmosphere replacing 
chamber that has collected the object, a recycling mech- 
anism for recycling the first gas that has been dried be- 
low predetermined humidity from the atmosphere 
pumped by the first pumping mechanism, a first gas sup- 
ply mechanism for supplying the first gas recycled by 
the recycling mechanism, to the atmosphere replacing 
chamber, a second pumping mechanism for exhausting 
the atmosphere replacing chamber, and a controller for 
judging whether humidity in the atmosphere replacing 
chamber Is lower than preset humidity when the second 
pumping mechanism exhausts the atmosphere replac- 
ing chamber and the first gas supplying mechanism sup- 
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plies the first gas to the atmosphere replacing chamber, 
and for instructing the first gas supplying mechanism to 
reduce the first gas supplied to the atmosphere replac- 
ing chamber by the first gas supply mechanism and the 
pumping mechanism to vacuum-pump the atmosphere 
replacing chamber when the humidity is lower than the 
preset humidity. 

[0017] The controller may stop introducing the first 
gas when the humidity is lower than the preset humidity. 
A processing system may further include a second gas 
supply mechanism for supplying second gas below the 
predetermined humidity to the atmosphere replacing 
chamber, wherein the controller instructs, before open- 
ing the second gate valve, the second gas supply mech- 
anism to introduce the second gas below the predeter- 
mined humidity to the atmosphere replacing chamber 
until the atmosphere replacing chamber has ambient 
pressure. 

[0018] FIG. 1 is a schematic block diagram of a 
processing system of one embodiment according to the 

present invention. 

[0019] FIG. 2 is a flowchart for explaining a process- 
ing method for supplying a wafer from a load lock cham- 
ber to a process chamber in the processing system 
shown in FIG. 1. 

[0020] FIG. 3 is a flowchart for explaining a process- 
ing method for supplying the wafer from the process 
chamber to the load lock chamber in the processing sys- 
tem shown in FIG. 1. 

[0021] FIG. 4 is a flowchart as a variation of FIG. 3. 
[0022] FIG. 5 is an EUV optical system as a variation 
of the exposure apparatus shown in FIG. 1. 
[0023] FIG. 6 is a flowchart for explaining a fabrication 
of devices (i.e., semiconductor chips such as IC and LSI, 
LCDs, CCDs, etc.). 

[0024] FIG. 7 is a detail flowchart for explaining the 
step 4 shown in FIG. 6. 

[0025] With reference to accompanying drawings, a 
description will now be given of a processing system of 
one embodiment according to the present invention. 
Here, FIG. 1 is a schematic block diagram of one em- 
bodiment according to the present invention. While the 
processing system of this embodiment exposes a wafer 
as an object to be processed, the present invention does 
not limit a process of the processing system to the ex- 
posure, and is applicable to various processes such as 
deposition, etching and ashing. Of course, exposure re- 
quires high throughput and thus is suitable for the 
present invention. 

[0026] With reference to FIG. 1 , 1 is a process cham- 
ber that accommodates a wafer transport robot 28 and 
a principal part 29 of an exposure apparatus mounted 
with a stage, a shutter, etc. The exposure apparatus in 
the instant embodiment is an X-ray exposure apparatus 
that uses exposure light as synchrotron radiation light. 
Of course, the present invention does not limit a kind of 
exposure apparatus, as described later. 
[0027] 2 is a load lock chamber which includes an in- 


ner gate valve 3 connected to the process chamber 1, 
and an outer gate valve 4 connected to the air outside 
the chamber 1 . The load lock chamber 2 receives a wa- 
fer that is to be processed from a wafer carrier 26, and 
5 supplies it to the process chamber 1. In addition, the 
load lock chamber 2 receives a processed wafer from 
the process chamber 1 , and supplies it to the wafer car- 
rier 26 or another apparatus (i.e. a posttreatment part). 
[0028] The load lock chamber 2 and the transport ro- 
bots 27 and 28 are configured to carry a wafer one by 
one, and the load lock chamber 2 has a minimum ca- 
pacity to minimize the exhaust time. In the present em- 
bodiment, a wafer has a diameter of 300 mm, the inner 
and outer gate valves 3 and 4 have an opening height 
of 50 mm, and the load lock chamber 2 has a capacity 
of 8 liters - 400 mm x 400 mm x 50 mm. 
[0029] 5 is a pressure sensor for detecting a pressure 
in the load lock chamber 2. 6 is an exhaust line in the 
load lock chamber 2, which includes an exhaust valve 
7, a vacuum pump 8, and an air valve 9. 
[0030] 11 is a helium circulation apparatus for circu- 
lating helium with constant pressure and purity in the 
process chamber 1 through a helium supply line 12 and 
a helium recovery line 13, and for maintaining the cham- 
ber 1 's atmosphere suitable for X-ray exposure. 
[0031] 14 is a helium supply means for supplying he- 
lium with predetermined humidity (of, for example, 10%, 
preferably, 5%, here, the supplied helium's humidity 
should be at least lower than or similar to that demanded 
for the atmosphere in the process chamber). 15 is a he- 
lium supply line that includes a helium introducing valve 

16 for the process chamber, a helium introducing valve 

17 for the load lock chamber, and a helium flow control- 
ler 18. The helium supply line 15 may includes a dehu- 
midifier system to assist helium in having the predeter- 
mined humidity. 

[0032] 1 9 is a nitrogen supply means for supplying ni- 
trogen with predetermined humidity (of, for example, 
10%, preferably, 5%, here, the supplied nitrogen's hu- 
midity should be at least lower than or similar to that 
demanded for the atmosphere in the process chamber). 
20 is a nitrogen supply line which includes a nitrogen 
flow controller 22 and a nitrogen introducing valve 21. 
The nitrogen supply line 20 may include a dehumidifier 
system to assist nitrogen in having the predetermined 
humidity. 23 is a recycled helium supply line which in- 
cludes a recycled helium flow controller 25 and a recy- 
cled helium introducing valve 24. 
[0033] 26 is a wafer carrier that is maintained at an 
ambient pressure and stores one or more wafers. 27 is 
a wafer transport robot for carrying a wafer between the 
wafer carrier 26 and the load lock chamber 2. 28 is a 
wafer transport robot for carrying a wafer between the 
load lock chamber 2 and an exposure apparatus's prin- 
cipal part 29. 

[0034] 30 is an atmosphere releasing valve for open- 
ing the process chamber 1 to the air. 31 is a chamber 
exhaust line which includes an exhaust valve 32 and a 
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vacuum pump 33. 35 is a support for supporting a clean 
room floor 34 on a factory floor 36. 
[0035] 37 is a beryllium window for transmitting syn- 
chrotron radiation light and for partitioning the process 
chamber 1 from a beam line 38 that becomes highly vac- 
uum during exposure. 39 is a bypass line of the beryllium 
window 37 which includes a bypass valve 40. 41 a gate 
valve, connected to an upstream synchrotron, for dis- 
connecting a beam line 42 that is always maintained 
highly vacuum and the beam line 38. 43 is a high vacu- 
um gauge. 44 is a differential pressure sensor, and 45 
is an absolute pressure sensor. 48 and 49 is vacuum 
pumps for drawing a vacuum in the beam line 38 through 
the exhaust valve 47 to maintain a high vacuum condi- 
tion. 

[0036] FIG. 2 is a flowchart of a process used when 
the exposure apparatus replaces an atmosphere in the 
load lock chamber 2 connected to the air with helium. A 
controller (not shown) controls actions of each part in 
the apparatus in this process. More specifically, the con- 
troller controls opening / closing of the valves 3, 4, 7, 9, 
10, 17, 21 and 24, and the transport actions of the robots 
27 and 28 or switch of based on detection results by the 
pressure sensor 5, and time measured by a timer (not 
shown), etc. 

[0037] When the process starts, the inner gate valve 
3 closes, the outer gate valve 4 opens, and the load lock 
chamber 2 is connected to the air and maintained in the 
air atmosphere. 

[0038] Initially, the wafer transport robot 27 carries a 
wafer from the wafer carrier 26 to the load lock chamber 
2. The process shown in FIG. 2 then starts. The outer 
gate valve 4 closes (step SI). 

[0039] Next, the nitrogen introducing valve 21 opens 
to start introducing nitrogen into the load lock chamber 
2 (step S2). Nitrogen introduced from the nitrogen intro- 
ducing valve 21 has been dried to the predetermined 
humidity (of ,for example, 10%, preferably, 5%). Anoth- 
er embodiment introduces purified (or dry) air instead of 
nitrogen. While nitrogen and the air are less expensive 
than helium, which will be described later, the present 
invention does not limit a kind of gas to specific one. 
Thus, it is possible to introduce dry helium. 
[0040] Next, the exhaust valve 7 opens before the 
pressure in the load lock chamber 2 exceeds the ambi- 
ent pressure (step s3). Then, helium recovery valve 10 
closes and the atmosphere exhaust valve 9 opens. 
[0041] After a predetermined time elapses in this state 
(step s4), the nitrogen introducing valve 21 closes (step 
s5). Since the exhaust valve 7 remains open, the load 
lock chamber 2 is vacuum-pumped immediately. The 
controller (not shown) can obtain the predetermined 
time, for example, by using a gas analyzer to determine 
whether the humidity in the load lock chamber 2 be- 
comes the predetermined humidity (of, for example, 10 
%) and averaging the time periods or by using a simu- 
lation result. In other words, the controller determines 
whether the humidity in the load lock chamber 2 is lower 


than predetermined in step s4 and, if determining it is, 
the procedure moves to step s5, if determining it is not, 
the procedure maintains steps s2 and s3. Step s5 sub- 
sequent to step s4 does not necessarily have to close 
5 the nitrogen introducing valve 21 (or zero an introduced 
amount of nitrogen through the nitrogen introducing 
valve 21), but may merely reduce an introduced amount 
of nitrogen from the nitrogen introducing valve 21 to the 
load lock chamber 2. However, it is preferable that the 
introduced amount of nitrogen is lower than the through- 
put of the exhaust valve 7. The introduced amount may 
be reduced stepwise, linearty or curvedly gradually 
(along a predetermined quadnc, cubic or exponential 
function). 

[0042] Next, the controller determines whether an 
output from the pressure sensor 5 is below a predeter- 
mined value indicative of the target pressure (step s6). 
When determining it is, the controller closes the exhaust 
valve 7 (step s7). For example, when the load lock 
chamber 2 has a capacity of 8 liters and takes 20 sec- 
onds as exhaust time to reach 100 Pa, an air tempera- 
ture drops down to about -25 °C. The instant embodi- 
ment has previously maintained the humidity in the load 
lock chamber 2 to be 10 % with nitrogen at 23 °C. There- 
fore, steams do not form dew even when the tempera- 
ture drops down to -25 °C, because a saturation value 
falls below 1. Thus, a conventional problem does not 
occur, such as condensation moisture gathering neigh- 
boring fine particles, growing, and finally dropping as de- 
posits on a wafer. 

[0043] Next, the helium introducing valve 17 opens 
(step s8). Helium introduced from the helium introducing 
valve 17 has been dried to the predetermined humidity 
(of, for example, 10 %). Supplied gas is used to the proc- 
ess chamber 1 . Thus, if the chamber 1 needs another 
inert gas such as argon and xenon, that gas would be 
introduced by step s8. 

[0044] Next, the controller checks an output of the 
pressure sensor 5 and introduces helium to the load lock 
chamber 2 up to the pressure of the process chamber 
1. The helium introducing valve 17 closes when pres- 
sure of the load lock chamber 2 increases to that of the 
process chamber 1 (step slO). Finally, the inner gate 
valve 3 opens and the load lock chamber 2 is connected 
to the process chamber 1 (step s11). After the series of 
processes, the wafer transport robot 28 carries a wafer 
from the load lock chamber 2 to the exposure apparatus' 
principal part 29. 

[0045] The principal part 29 exposes the wafer. If the 
conventional processing method attempts to maintain 
the same throughput and yield as the present invention, 
condensation moisture that occurs in drawing a vacuum 
would gather particles, grow, and finally drop as impuri- 
ties on a wafer, making high-quality exposure difficult. 
On the other hand, as discussed, the instant embodi- 
ment eliminates impurities from a wafer and provides 
high-quality exposure to a wafer. 
[0046] In replacing an atmosphere in the load lock 
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chamber 2, the atmosphere replacing method according 
this embodiment Introduces nitrogen and purified or dry 
air that are less expensive than helium while exhausting 
the load lock chamber 2, draws a vacuum after replacing 
the inside of the load lock chamber 2 with dry gas, and 
then introduces helium up to the predetermined pres- 
sure. This can prevent condensations that would other- 
wise disadvantageous^ occur in the prior art in drawing 
a vacuum, and avoid contaminations to the inside of the 
load lock chamber and a wafer. Since the exhaust speed 
does not down, an exposure apparatus maintains the 
throughput without requiring a heat source like a heater 
and its additive. Therefore, the temperature stability, 
which would be otherwise deteriorated by these temper- 
ature variance factors, Is maintained without Increasing 
the cost and space of the processing system. 
[0047] FIG. 3 Is a flowchart of a process used to re- 
place an atmosphere in the load lock chamber 2 with 
the air, which is connected to the chamber 1 having a 
helium atmosphere. After exposure, the wafer transport 
robot 28 carries an exposed wafer from the principal part 
29 in the exposure apparatus to the load lock chamber 
2. The process shown in FIG. 3 starts with following 
steps. The inner gate valve 3 initially closes (step s21). 
The nitrogen Introducing valve 21 then opens, starting 
an introduction of nitrogen into the load lock chamber 2 
(step s22). The exhaust valve 7 opens before the pres- 
sure In the load lock chamber 2 exceeds the pressure 
in the process chamber 1 for reduced replacement time 
(step s23). Then, the helium recovery valve 10 remains 
closed and an air exhaust valve 9 remains open (step 
s23). 

[0048] After the predetermined time elapses In this 
state (step s24), the nitrogen introducing valve 21 closes 
(step s25). Since exhaust valve 7 remains open, the 
load lock chamber 2 Is vacuum-pumped. The controller 
(not shown) can obtain the predetermined time, for ex- 
ample, by using a gas analyzer to determine whether 
the humidity in the load lock chamber 2 becomes the 
predetermined humidity (of, for example, 10 %) and av- 
eraging the time periods or by using a simulation result. 
In other words, the controller determines whether the 
humidity in the load lock chamber 2 is lower than pre- 
determined In step s24 and. If determining It Is, the pro- 
cedure moves to step s25, if determining it Is not, the 
procedure maintains steps s22 and s23. 
[0049] Next, the controller determines whether an 
output from the pressure sensor 5 is below a predeter- 
mined value Indicative of the target pressure (step s26). 
When determining it is, the controller closes the exhaust 
valve 7 (step s27). Since humidity in the load lock cham- 
ber 2 Is below the predetermined value, even rapid vac- 
uum-pumping does not cause condensations. 
[0050] Next, the controller opens the nitrogen intro- 
ducing valve 21 again (step s28), and Introduces nitro- 
gen up to the ambient pressure while checking an output 
of the pressure sensor 5 (step s29). The nitrogen Intro- 
ducing valve 21 closes (step s30) when the pressure of 


the load lock chamber 2 reaches the ambient pressure. 
Another embodiment introduces purified (or dry) air In- 
stead of nitrogen. Finally, the outer gate valve 4 opens 
(step s31) to connect the load lock chamber 2 to the air. 
5 When the series of processes end, the wafer transport 
robot 27 carries the wafer from the load lock chamber 2 
to the wafer carrier 26. 

[0051] The method may immediately collect an at- 
mosphere in the load lock chamber 2 before the load 

10 lock chamber 2 is opened to the air although an atmos- 
phere In the process chamber 1 flows Into the load lock 
chamber 2 when the wafer Is collected from the process 
chamber 1 . As a result, it is possible to prevent deterio- 
rated throughput or yield in the processing system. 

15 Moreover, It Is possible to prevent the exposed wafer 
from contaminated with condensations. 
[0052] FIG. 4 is a flowchart of another process used 
to replace an atmosphere in the load lock chamber 2 
with the air, which is connected to the chamber 1 having 

20 a helium atmosphere. This embodiment Is directed to a 
process for recycling expensive helium. 
[0053] When the process shown in FIG. 4 starts, the 
inner gate valve 3 closes first (step s41). Next, the air 
exhausting valve 9 closes (step s42), and the helium re- 

25 covery valve 10 opens (step s43). If the exhaust valve 
7 opens, helium in the load lock chamber 2 is collected 
into the helium circulation apparatus 11, purified, com- 
pressed, and stored in a buffer tank (not shown) of the 
helium circulation apparatus 11. 

30 [0054] Next, a recycled helium introducing valve 24 
opens (step s44), and the helium circulation apparatus 
11 starts Introducing purified helium. Similar to FIG. 3, 
exhaust valve 7 opens (step s45) before the pressure 
in the load lock chamber 2 exceeds that in the process 

35 chamber 1 for shortened replacement time. Thus, as de- 
scribed above, the helium circulation apparatus 11 col- 
lects helium in the load lock chamber 2, and then sup- 
plies recycled helium in the load lock chamber 2 for re- 
placement. 

40 [0055] After the predetermined time elapses (step 
s46), the recycled helium Introducing valve 24 closes 
(step s47). Since the exhaust valve 7 and the helium 
recovering valve 10 remain open, the load lock chamber 
2 Is vacuum-pumped. The controller (not shown) can 

45 obtain the predetermined time, for example, by using a 
gas analyzer to determine whether the humidity in the 
load lock chamber 2 becomes the predetermined hu- 
midity (of, for example, 10 %) and averaging the time 
periods or by using a simulation result. In other words, 

50 the controller determines whether the humidity in the 
load lock chamber 2 is lower than predetermined in step 
s46 and. If determining It Is, the procedure moves to step 
s5, if determining it Is not, the procedure maintains steps 
s44 and s45. 

55 [0056] Next, the controller determines whether an 
output from the pressure sensor 5 Is below a predeter- 
mined value Indicative of the target pressure (step s48). 
When determining It Is, the controller closes the exhaust 
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valve 7 (step s49). Since humidity in the load lock cham- 
ber 2 is below the predetemiined value, even rapid vac- 
uum-pumping does not cause condensations. 
[0057] Next, the controller opens the nitrogen intro- 
ducing valve 21 (step s50), and introduces nitrogen up 
to the ambient pressure while checking an output of the 
pressure sensor 5 (step s51). The nitrogen introducing 
valve 21 closes (step s52) when the pressure of the load 
lock chamber 2 reaches the ambient pressure. Another 
embodiment introduces purified (or dry) air instead of 
nitrogen. Finally, the outer gate valve 4 opens (step s53) 
to connect the load lock chamber 2 to the air. When the 
series of processes end, the wafer transport robot 27 
carries the wafer from the load lock chamber 2 to the 
wafer carrier 26. 

[0058] The method can immediately collect an atmos- 
phere in the load lock chamber 2 before the load lock 
chamber 2 is opened to the air although an atmosphere 
in the process chamber 1 flows into the load lock cham- 
ber 2 when the wafer is collected from the process 
chamber 1 . As a result, it is possible to prevent deterio- 
rated throughput or yield in the processing system. 
Moreover, it is possible to prevent the exposed wafer 
from contaminated with condensations. 
[0059] A wafer processing apparatus that has a de- 
compression container in a vacuum state opens an in- 
ner valve when drawing a vacuum in the load lock cham- 
ber ends, and connects the decompression container to 
the load lock chamber for similar effects. 
[0060] Different from the above embodiment, the ex- 
posure apparatus' the principal part 29 may be an ex- 
treme ultraviolet ("EUV") optical system as shown in 
FIG. 5. The present invention is suitable because the 
EUV optical system is maintained in a vacuum container 
to prevent the EUV light from being disadvantageously 
absorbed by being oxygen or other gases and the 
throughput from deteriorating. 

[0061] In FIG. 5, an EUV light source is, for example, 
a laser plasma light source which includes an excited 
pulsed laser 70, a condenser lens 71 , and a target sup- 
ply apparatus 72. An illumination optical system in- 
cludes plural multilayer coatings or oblique incidence 
mirrors 73 to 75, an optical integrator 76, etc. 
[0062] The projection optical system uses plural mir- 
rors 77 to 80. The necessary number of mirrors is about 
4 to 6 for aberrational corrections. The mirror has a con- 
vex and concave spherical or aspheric reflective surface 
shape. The mirror is made by gnnding and polishing a 
substrate made of a rigid and hard matenal with a small 
coefficient of thermal expansion, such as SiC and low 
expansion coefficient glass, into a predetermined reflec- 
tive surface shape, and then forming a multilayer coat- 
ing, such as molybdenum / silicon onto the reflective sur- 
face. 

[0063] A reticle stage 83 and a wafer stage 93 have 
mechanisms for synchronously scanning at a speed ra- 
tio in proportion to the reduction ratio. Here, it is as- 
sumed that X is a scan direction in the reticle M or wafer 


W surface, Y is a direction perpendicular to it, and Z is 
a direction perpendicular to the reticle M or the wafer W 
surface. 

[0064] The reticle M is held by a reticle chuck 84 on 

5 the reticle stage 83. The reticle stage 83 has a mecha- 
nism that moves in the direction X at a high speed. It 
also has a fine adjustment mechanism for positioning 
the reticle M in and around each of the directions X, Y 
and Z. A position and orientation of the reticle stage 83 
are measured by a laser interferometer, and controlled 
based on the result. The reticle M is a reflection mask 
and includes the same multilayer coating as that of a 
mirror. 

[0065] The wafer W is held on the wafer stage 93 by 
a wafer chuck 94. Like the reticle stage 83, the wafer 
stage 93 has a mechanism that moves in the direction 
X at a high speed. It also has a fine adjustment mecha- 
nism for positioning the wafer W in and around each of 
the directions X, Y and Z. The position and orientation 
of the wafer stage 93 are measured by a laser interfer- 
ometer, and controlled based on the result. 
[0066] Alignment detection optical systems 85 and 95 
are arranged in front of the reticle M and wafer W. The 
alignment detection optical systems 85 and 95 provide 
a positional relationship between a position of the reticle 
M and an optical axis of the projection optical system 77 
to 80, and a positional relationship between a position 
of the wafer W and the optical axis of the projection op- 
tical system 77 to 80. The positions and angles of the 
reticle stage 83 and the wafer stage 93 are set so that 
a projected image of the reticle M may accord with a 
predetermined position on the wafer W. 
[0067] A focus detection optical system 96 is also pro- 
vided in front of the wafer W, and measures a focus po- 
sition on the wafer W plane in the direction Z. The wafer 
plane is always maintained at an imaging position for 
the projection optical system 77 to 80 during exposure 
by controlling a position and an angle of the wafer stage 
93. 

[0068] When one scan exposure ends on the wafer 
W, the wafer stage 93 moves stepwise in the directions 
X and Y to a scan exposure start position of a next short, 
and the reticle stage 83 and wafer stage 93 synchro- 
nously scan in the direction X at a speed ratio in propor- 
tion to the reduction ratio of the projection optical system 
77 to 80. In this way, the scan exposure repeats while a 
reduced size of projected image of the reticle M is 
formed on the wafer W (in the step-and-scan manner). 
Thus, a pattern on the reticle M is transferred onto the 
whole area of the wafer W. 

[0069] A vacuum chamber 60 houses the illumination 
optical system 73 to 76, the projection optical system 77 
to 80, the reticle M, and the wafer W. The inventive 
processing method is applicable to feeding of a wafer 
W in the vacuum chamber 60 and feeding the wafer W 
out of the vacuum chamber 60. As a result, high-quality 
exposure is performed for the wafer W. 
[0070] Thus, the above embodiments according to 
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the present invention exhausts the load lock channber 
while introducing purified air or nitrogen before vacuum- 
pumping the load lock chamber to replace its atmos- 
phere, and vacuum-pumps the load lock chamber after 
replacing the atmosphere with dry gas. This can prevent 
condensations that would otherwise disadvantageous^ 
occur in drawing a vacuum, and avoid contaminations 
to the inside of the load lock chamber and a wafer. Since 
the exhaust speed does not down, an exposure appa- 
ratus maintains the throughput. Since the exposure ap- 
paratus does not require a heat source like a heater and 
its additive, the temperature stability is maintained with- 
out increasing the cost and space of the processing sys- 
tem. 

[0071] Further, the present invention is not limited to 
these preferred embodiments, and various variations 
and modifications may be made without departing from 
the scope of the present invention. For example, the 
processing system may include a load lock chamber for 
supplying a wafer to the process chamber, and another 
load lock chamber for receiving the processed wafer 
from the process chamber. In this case, different load 
lock chambers conduct an exhaust process for supply- 
ing a wafer to the process chamber, and an exhaust 
process for transferring the collected wafer from the 
process chamber. Inert gas, supplied to the load lock 
chamber may not be helium and/or nitrogen but may be 
argon and the like. 

[0072] Referring now to FIGS. 6 and 7, a description 
will be given of an embodiment of a device fabricating 
method using the above inventive method. FIG. 6 is a 
flowchart for explaining a fabrication of devices (i.e., 
semiconductor chips such as IC and LSI, LCDs, CCDs, 
etc.). Here, a description will be given of a fabrication of 
a semiconductor chip as an example. Step 1 (circuit de- 
sign) designs a semiconductor device circuit. Step 2 
(mask fabrication) forms a mask having a designed cir- 
cuit pattern. Step 3 (wafer preparation) manufactures a 
wafer using materials such as silicon. Step 4 (wafer 
process), which is referred to as a pretreatment, forms 
actual circuitry on the wafer through photolithography 
using the mask and wafer. Step 5 (assembly), which is 
also referred to as a posttreatment, forms into a semi- 
conductor chip the wafer formed in Step 4 and includes 
an assembly step (e.g., dicing, bonding), a packaging 
step (chip sealing), and the like. Step 6 (inspection) per- 
forms various tests for the semiconductor device made 
in Step 5, such as a validity test and a durability test. 
Through these steps, a semiconductor device is finished 
and shipped (Step 7). 

[0073] FIG. 7 is a detailed flowchart of the wafer proc- 
ess in Step 4. Step 11 (oxidation) oxidizes the wafer's 
surface. Step 12 (CVD) forms an insulating film on the 
wafer's surface. Step 13 (electrode formation) forms 
electrodes on the wafer by vapor disposition and the 
like. Step 14 (ion implantation) implants ion into the wa- 
fer. Step 15 (resist process) applies a photosensitive 
material onto the wafer. Step 1 6 (exposure) uses the ex- 


posure apparatus to expose a circuit pattern on the 
mask onto the wafer. Step 17 (development) develops 
the exposed wafer. Step 18 (etching) etches parts other 
than a developed resist image. Step 19 (resist stripping) 
5 removes disused resist after etching. These steps are 
repeated, and multilayer circuit patterns are formed on 
the wafer. The device fabrication method of this embod- 
iment may manufacture higher quality devices than the 
conventional method. 

[0074] Thus, the present invention can provide a 
processing method and system, which prevent conden- 
sations and provide high-quality processes without low- 
ering the predetermined yield and throughput. 


1. A processing method using a processing system 
which includes an atmosphere replacing chamber 

20 having first and second gate valves, and a container 
that has an inside maintained in a reduced pressure 
or vacuum atmosphere and provides a predeter- 
mined process to an object, wherein the atmos- 
phere replacing chamber is connected to the con- 

25 tainer through the first gate valve and a space dif- 
ferent from the container through the second gate 
valve, said processing method characterized in 
comprising the steps of: 

30 exhausting the atmosphere replacing chamber 

while introducing first gas below predetermined 
humidity to the atmosphere replacing chamber, 
and vacuum-pumping the atmosphere replac- 
ing chamber after said exhausting step, by re- 
35 ducing an amount of the first gas to be intro- 

duced into the atmosphere replacing chamber. 

2. A processing method according to claim 1 , charac- 
terized in that the processing method stops intro- 

40 ducing the first gas in the vacuum pumping step. 

3. A processing method according to claim 1 , charac- 
terized in that said container contains second gas, 
wherein said processing method further comprises 

45 the steps of: 

introducing the second gas that has been dried 
below the predetermined humidity to the at- 
mosphere replacing chamber until the atmos- 
50 phere replacing chamber has the same re- 

duced pressure environment as the container; 
and 

opening the first gate valve. 

55 4. A processing method according to claim 1, further 
comprising the steps of: 

introducing third gas below the predetermined 
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humidity to the atmosphere replacing chamber 
until the atmosphere replacing chamber has 
ambient pressure; and 
opening the second gate valve. 

5. A processing method according to claim 1 , charac- 
terized in tliat the first gas is nitrogen or purified air. 

6. A processing method according to claim 3, ciiarac- 
terized in tliat the second gas is inert gas. 

7. A processing method according to claim 4, ciiarac- 
terized in tliat the third gas is nitrogen or purified 
air. 

8. A processing method according to claim 1 , charac- 
terized in that the predetermined process Is expo- 
sure. 

9. A processing method according to claim 3, charac- 
terized in that the first gas is the same as the sec- 
ond gas. 

10. A processing method according to claim 1, further 
comprising the step of opening the first gate valve. 

11 . A processing method according to claim 1 , compris- 
ing the steps of: 

judging whether humidity in the atmosphere re- 
placing chamber is lower than preset humidity; 
and 

performing said vacuum-pumping step when 
said judging step determines that the humidity 
is lower than the preset humidity. 

12. An exposure method for exposing an object in a 
container by using light from a light source and a 
processing method according to any one of claims 
1 to 11. 

13. A device fabricating method comprising the steps 
of: 

exposing an object in a container by a process- 
ing method according to any one of claims 1 to 
11; 

developing the exposed the object; and 
fabricating a device therefrom. 

14. An exposure apparatus for exposing an object in a 
container by using light from a light source and a 
processing method according to any one of claims 
1 to 11. 

15. A processing system comprising: 

a container that has an inside maintained in a 


reduced pressure or vacuum atmosphere and 
provides a predetermined process to an object; 
an atmosphere replacing chamber that has first 
and second gate valves, said atmosphere re- 
5 placing chamber is connected to the container 

through the first gate valve and a space differ- 
ent from the container through the second gate 
valve; 

a first gas supply mechanism for supplying first 

10 gas below predetermined humidity to the at- 

mosphere replacing chamber; 
a pumping mechanism for exhausting the at- 
mosphere replacing chamber; and 
a controller forjudging whether the humidity in 

15 the atmosphere replacing chamber is lower 

than the preset humidity when said pumping 
mechanism exhausts said atmosphere replac- 
ing chamber and said first gas supply mecha- 
nism supplies the first gas to said atmosphere 

20 replacing chamber, and for instructing said first 

gas supply mechanism to reduce the first gas 
supplied to the atmosphere replacing chamber 
by the first gas supply mechanism and said 
pumping mechanism to vacuum-pump the at- 

25 mosphere replacing chamber when the humid- 

ity is lower than the preset humidity. 

16. A processing system according to claim 15, char- 
acterized in that the controller stops introducing 

30 the first gas when the humidity is lower than the pre- 
set humidity. 

17. A processing system according to claim 15, char- 
acterized in that said container contains second 

35 gas, wherein said processing system further com- 
prises a second gas supply mechanism for supply- 
ing the second gas that has been dried below pre- 
determined humidity to the atmosphere replacing 
chamber, and wherein said controller instructs, be- 

40 fore opening the first gate valve, said second gas 
supply mechanism to introduce the second gas be- 
low the predetermined humidity to said atmosphere 
replacing chamber until the atmosphere replacing 
chamber has the same reduced pressure environ- 

45 ment as said container. 

18. A processing system comprising: 

a container that contains first gas, is maintained 
50 at a reduced pressure environment, and pro- 

viding a predetermined process to an object; 
an atmosphere replacing chamber that in- 
cludes first and second gate valves, is connect- 
ed to the container through the first gate valve 
55 and the air through the second gate valve, and 

collects the object from the container; 
a first pumping mechanism for pumping an at- 
mosphere in the atmosphere replacing cham- 


9 


17 


EP 1 455 233 A2 


18 


ber that has collected the object; 
a recycling mechanism for recycling the first 
gas that has been dried below predetermined 
humidity from the atmosphere pumped by said 
first pumping mechanism; 
a first gas supply mechanism for supplying the 
first gas recycled by said recycling mechanism, 
to the atmosphere replacing chamber; 
a second pumping mechanism for exhausting 
the atmosphere replacing chamber; and 
a controller forjudging whether humidity in the 
atmosphere replacing chamber is lower than 
preset humidity when said second pumping 
mechanism exhausts said atmosphere replac- 
ing chamber and said first gas supplying mech- 
anism supplies the first gas to said atmosphere 
replacing chamber, and for instructing said first 
gas supplying mechanism to reduce the first 
gas supplied to the atmosphere replacing 
chamber by the first gas supply mechanism and 
said pumping mechanism to vacuum-pump the 
atmosphere replacing chamber when the hu- 
midity is lower than the preset humidity. 

19. A processing system according to claim 18, char- 
acterized in that the controller stops introducing 
the first gas when the humidity is lower than the pre- 
set humidity. 


container (2) to the destination space, 
characterised in that 

before or during the step of removing gas so 
5 as to reduce pressure, the gas in the transfer con- 

tainer (2) is at least partially replaced by a gas hav- 
ing its humidity controlled to be below a predeter- 
mined level. 

10 22. A method according to claim 21 comprising intro- 
ducing a replacement gas to the transfer chamber 
between the step of removing gas so as to reduce 
pressure and the step of opening the transfer con- 
tainer. 

15 

23. A device fabricating method comprising processing 
a substrate in a plurality of processing steps, the 
plurality of processing steps comprising at least ex- 
posing the substrate with a pattern of radiation, de- 

20 veloping the exposed substrate, and fabricating a 
device from at least a part of the exposed substrate, 
at least a part of at least one of the processing 
steps being performed in a processing chamber, 
and the substrate being transferred into or out of the 

25 processing chamber by a method according to 
claim 21 or claim 22. 


20. A processing system according to claim 18, further 30 
comprising a second gas supply mechanism for 
supplying second gas below the predetermined hu- 
midity to the atmosphere replacing chamber, 
wherein said controller instructs, before opening the 
second gate valve, said second gas supply mech- 35 
anism to introduce the second gas below the pre- 
determined humidity to said atmosphere replacing 
chamber until the atmosphere replacing chamber 
has ambient pressure. 

40 

21. A method of transferring a substrate into a process- 
ing chamber (1 ) from a further space or transferring 
a substrate out of a processing chamber (1) to a 
further space, the method comprising: 

45 

transferring the substrate into a transfer con- 
tainer (2) from an origin space which is either 
the processing chamber (1) or the further 
space; 

closing the transfer container (2) off from the 50 
origin space; 

removing gas from the interior of the transfer 
container (2) so as to reduce the pressure 
therein; 

opening the transfer container (2) to a destina- 55 
tion space which is the other of the processing 
chamber (1) and the further space; and 
transferring the substrate out of the transfer 
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